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SUMMARY

1 scale model of the Repub
tail with stub fuselage, stub
de-icing air duct was tested in the
tunnel. The Investigation consisted

ffects of the duct, with and withou
aerodynamic characteristics of them
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The model tested was a revigion
viously tested in the Langley stabil
revised model differed from the orig
it incorporated a ce-icing air duct,
fin, and had a larger stub fuselage.
date cbteined from tests of the orig
mecdels was nmade.

The results of the investigatio
the air duct had very little effect
characteristice of the model. A sma
in the wvariaticn of rudder hinge-mome
angle of attack but it is believed t
pe corrected by a properly applied
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vertical tall previously tested in the La angley stability
tunnel (see 7“efeverme 1) has been retested in a revised
form. The revised model differed Trom the original model
in that it ilncorporated a de-icing air duct, included ¢
dorsal fin, and had a larger stub fuselage. The rudder
nuernal balqnce plates of the model, however, were still
offset; and in this way, the model still differed from
the FOLLlOP of the airplane which it represented,

In the present repcrt, data are included which show
the effect of the zir Q“Ct on the aerodynamic character~
istics of the model. A comparison of data obtained from
tests of the originazl and revised models is also included.

SYMBCLS

The coefficients znd swm
based on the same areas,
and are defined as LO110W

bols used in this report are
8, and chords as in reference

(/) m

-\
s - o I
Cr, 1ift coefficient =)
\GS/
N7/ / -r
. . . ax e fp
Cn-a rudder hinge-moment coefficient —
- Gbpcne
~ . [

Cm pitching-moment coefficient (~ F\

\q_c'L:/

. /
c drag coefficient (i~\
o Heg eobilicien \QS"
T /

AP pressure coefficient across internal balasnce
(pressure left of balance minus Lressurs
right of balsnce divideqd by free-stream-
dynamlc pressure).

B(p)~P(c

E leskage factor (l - = ﬂ(f)

_ Pla)-=B(a)

Pp)=Pre) bressure differsnce across balance of internsl
balance

p(a)—p(d) applied pressure difference across vents of

' internal talance
% air velocity, feet per secon
arar il W
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1ift of model, pounds

hinge moment of rudder; positive when tending
to rotate the trailing edge to the left,
foot-pounds

pit cking moment of model zbout an axis parallel

’ to “vd 9,125 inches zhead of rudder hinge
lin foot-pounds

drag of model, pounds

area of verticael-tail model (above fuselage
and excluding dorsal fin), square feet

mean geometric chord of vert
(excluding dorsal fin), f

o

root mean sguare chord of rudder, feet

rudder span, et

I

d free-stream dynamic pressure, pounds per square
foot
a angle -of attack of vertical tailil (angle of yaw
for airplane) ; positive when trailing edge
ig deflected to the left, degrees
& rucder angle relative to fin; positive when
treiling edge 1z deflected fto the lealft,
degrees
APPARATUS AND MODEL
The /6-°na¢e XF-12 Vert*bal—tail model, which congists
of the vertical taeil, a stub fusslage, andé a stus hori-
zontal tail, was originally supplied and subsequently
revised by the Republic Aviation Corporation. Figure 1
is & sketch in which the principle dimensions of the revised
nodel are given. Two views of the revised model mounteld
horizontally in the 8- by €-foct test section ol the Lengley
stability tunnel are shown in figure 2.
With the except al
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revised model is the =zame as the original model which
is descrived in detail in reference 1 The

in the mocdel by the addition of the does
increase in size of the st ub fuselage zre s
Details of the air duct are also °V31A in

ure 1, To
measure the velocity of the flow Lhro gh the air duct,
three total head add two gtatic +ube° were located in a

plane perpendicular to the duct air sbtream and avout half-
way through the duct.

For the tests made on the revieed model, only that
section of the rudder located above the stub norizontal
tail was utilized., 1Mo roughness strips were attached to
L1
tn

¢ model and the tab was not aeflected,

The mcdel was qupoorted entirely by the floating
frame of thre balance, so *“ab all forces and moments
acting on the model coulfa measurad, The model was
mounted in the center of tLe tunnel oy projecting the
model support through an oHehL"g in the tunnel wall. A
fairing was installed around ¢ net part of the model
Quoooru lacaned inside the tupueL. A flexible zeal was

nstalled between the model support and the tunnel wall
to prevent flow of air ints the tunnel.

The model was tested with air duct open, sealed at
exlts, and sealed at éntrance and exits. The tests con-
sisted of angle -of~attack runs (ansle of sideslip for
airplare) for which ¢ ranged from approximately -18°
to 180, and ruddereangle runs for which 8y ranged from
approximately -25° to gO°,

411 tests were made at a dvnamic bressure of
32.7 pounds per square foot, The corresponding slrspeed
under standard sea-lsvel atmospheric conditions Was
125 miles per hoan and the Reynolds number based on the
mean geometric chord of the model was about 1,760,000,

Measurements of the 1ift, drag, and pitching moment
of the model wsre obtained from the tunnel balances.
Rudder hinge moments were measured by means of a gpring
torque balance linked to the rudder. Readings of the
pressure differences across the balance in each of the
three upper rudder internal -balance chambers and readings
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A of the total head and static pressures in the air duct
AL were taken. One of the static pregsure tubes located
:guc in the air uct did not function properly; therefore,
foure 1 the air -? velocity data presented herelp were based
%o * on the =ta tlc pressure reading of one static tube.
L .
vy The leal are factor E was measured for each of
lkzlp the internal-balance chambers in the same manner as is
=T described in reference 2.
et Jet-?oun@ary corrections to the 1ift{ £udder hinge
a1 . moment, pitching moment, drag, pressure difference across
. ~balance, and angle-of-attack readings were the same asg
roLo those used in reference 1. No corrections were applied
for the effects of the mocdel support and fairing.
5
. RELULTS AND DISCUSSION
A -
s The results of the present investigation are given
e in figures 3 to 6.
11 i L
The average leakage factor E for all the balance
chambers was about 0.08 during all tests. This value is
greater than the value 0.0l found when the original model
was tested. Therefore, the internal-balance leakage must
have been slightly greater for the present tests. A more
complete discusu on on leakage factor, including its effect
at’ on‘flip hinge-moment coefficient, can be found in rsfer-
ence <.
one-
0 Tests were made to determine the zerodynamic character-
rom istics of the vertical tail w:ti the de-icing aip}duct
. open (fig. 3) and with the air-duct exits sealed (fig. 4) .
The velocity throush the open air duct reached a maximum
of about one-half free-stream velocity at ¢ = 0° and
decreased to zero at about *12° angle of attack. (See
eed : fig. 3(f)) .The eflect on the velocity through the duct
. when rudcer anéle is increased was equlvalen+ to a QT"ght
ne decre se in gle of autacx, the ratio veing about 15°
: udder angle to 1° angle of atta k
ent The entrance to the air duct was located & short
distance above the stub fuselage in a section of the
ng leading edge of the vertical tail having about 50° sweep-
back. (See fig. 1.) It is likely, therefore, that the
f air flow at the duct entrance was inclined toJard the tig
ings
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of the vertical tail surface. Indication of inclination
of the alr flow at the duct entrance was found in the
duct-pressure measurements which showed that the difference
at an angle of attack of Zero between the total head in

the duct, when the duct exits were sealed, and the free-
stream static pressure was not egual to the free-stream
dynamic pressure (ag it would have been for straight flow)
but to approximately 11/19 free-stream dynamic pressure.
When the air duct was open and aq = OO, the static pres-
sure inside the duct was slightly greater than free-stream
~static pressure. This difference was probably the result
of the resistance of the duct to air flow. The inclination
of the air flow and the resistance of the duct to air flow
would account for the relatively 1ow air velocity inside
the air duvuct compared with free-stream velocity.

4 comparison of the results obtained for the model
with the air duct open and with the air duct sealed is
given in figure 5. When the air duct was sealed only at
the exits, the results obtained were very similar to fthose
found for the model when the duct was open. Before the
data for velocity through the air duct were computed, it
was thought, erroneously, that there was some ieakage at
the duct éxit allowing flow through the duct. Therefore,
tests were made with the air duct sesled not only at its
exits, but alse at its entrance. By sealing the duct at
both its entrance ard exits, results were obtained which
differed sligntly from ther-e found when the duct was open
and when the duct exits were closed. Thecse differences
must have been the rczult of a change in flow originating
t the duct entrance When the duct entrance was sealed with
a2 strip of sco tor tap

v}

The values of 1lift coefficient obtained for the
revised rmodel were greater t%ep those obtained for the
original model., (See fig. 6.) Thie increase in 1ift may
be attributed to the doesal fin and the increased zize of
the stub fuselage on the revised model.

of rudder hinge-moment coefficient with o at

ti
1
values of a was negative for the revised model anc
pogitive for the original mocdel. The vaiues for the
models, however, did not differ by more than 0.001, a

difference which may be expected on any &airplane and can

As shown in figure 8, the value for the varis
sm

be corrected oy 2 spring tab. If a spring tab is tc be
used to correcf for thiz difference, it 1s advised that a
negative increase in ths basic leuﬁ for the wvariation oFf
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rudder hinge-moment coefficiernt with rudder angle Le
effected (to at least -0.003 as explained in reference 3).
The variation of rudder hinge-moment coefficient with On
at small angles of Or was about the same for both the

original and revised models. At 1
rudder hinge-mcment coefficient wa
model than for the original. This
large angles of Op would make mor
ment of dezired pedal force and th
estimations made in rsference 1 of
the X¥F-12 airplane.

rudder angles, the
rer for the revised

rease in Chp at
L

rw

CONCLUSTION

The results of the tests on the revised l/6—scale
model of the XF-12 vertical tail indicated that the air
duct had very little effect on the aerodynemic character-
istics of the mocdel. A small change occé¢urred in the vari-
ation of rudder hinge-moment coefficient with angle of
attack but it 1s believed that this change can te corrected
by a properly applied spring tab.

Langley Memorisl Aeronautical Laboratory
National Advisory Committee for heronautics
Langley Fleld, Va.
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Wind-Tunnel Tests of a 1/6— cale

1. MecLachlan, Robert:
Model of Republic XF-12 Vertical Tail with Stub
Fuselage and Stub Horizontal Tail. WACA MR No. LoEZ],
Army Air Forces, 1945,

Denaci, H. G.: Wind-Tunrel Tests of a 1/5-Scale Semi-
span Model of the Republic XF-12 Horizontal Tail
Surface. FACA MR No. LED1Z2, Army Air Forces, 1945.
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3. Morgan, B. i., Bethwaite, C. F., and Nivison, J.:
Spring-Tab Controls - Notes on Devel opment to Date
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